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FOREWORD
This report was prepared by the Boeing Commercial Airplane Company under NASA
contract NASI-8858 and covers work performed during the period June 1971, through
October 1972, on Phase III of a three-phase contract.
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CYCLIC DEBONDING OF ADHESIVE JOINTS: DATA REPORT
By D. J. Hoffman and R. R. June
Boeing Commercial Airplane Company
SUMMARY
This report presents detailed test results from an experimental investigation into the
failure of adhesive bondlines and advanced-composite matrix materials subjected to fatigue
loading. The data include 18 static control specimens and 106 fatigue specimens. Crack
growth was monitored to failure for all of the fatigue tests. Additional information can be
found in NASA CR-2207, Cyclic Debonding of Adhesive Joints: Summary Report (ref. 1).
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SYMBOLS
The international system of units (SI) was adopted by the Eleventh General
Conference on Weights and Measures, Paris, October 1960 (ref. 2).
Physical quantities defined in this paper are given in both the international system of
units and the U. S. customary units. Conversion factors for the units used herein are given in
table 1. Prefixes to indicate multiples of units are given in table 2.
a crack length, millimeters (inches)
b width of test section, millimeters (inches)
F allowable stress, newtons per square meter (pounds per square inch)
Kt stress concentration factor, nondimensional
Q lap length, millimeters (inches)
N number of load cycles, nondimensional
R ratio of maximum applied stress to minimum applied stress, nondimensional
T temperature, degrees Kelvin (Fahrenheit)
t thickness, millimeters (inches)
e axial strain, %, nondimensional










TABLE 1.- CONVERSION FACTORS FOR U.S. CUSTOMARY UNITS





Physical ConversionqPhysicalSI unit C onversion U.S. customary unitquantity factor
Length Meter, m 39.3700 Inch, in.
Mass Kilogram, kg 2.2046 Pound-mass, Ibm
Load Newton, N 0.2248 Pound-force, Ibf
Density Kilogram/meter 3 , kg/m3 0.000036 Pound-mass/inch3, Ibm/in.3
0.0624 Pound-mass/foot 3, Ibm/ft3
Load Newton/meter, N/m 0.0057 Pound-force/inch, Ibf/in.
intensity
Modulus,
stress, Newton/meter 2 , N/m 2 0.000145 Pound-force/inch 2 , psi
pressure
Temperature Degree Kelvin,°K 9/5(tK)-460 Degree Fahrenheit,°F
*Multiply the value in SI units by the conversion factor to obtain the value in U.S. customary units.
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EXPERIMENTAL TEST PROGRAM
The experimental test program plan is shown in table 3. Two static tests were required
for each configuration plus three fatigue tests at each of three or four load levels. The static
tests were included to verify specimen quality and to establish ultimate failure load and
mode. In all fatigue tests crack growth was monitored to failure. Fatigue test loads were
chosen to provide specimen lives in the range of 104 to 105 cycles.
The specimen used in all of the fatigue tests and half of the static tests is shown in
figure 1. It consisted of a simple lap splice requiring complete load transfer from the
adherend through the bondline to the splice plate. Some static specimens were tested in a
610 mm (24 in.) long full-dogbone configuration. The difference in configuration was not
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TEST RESULTS
Static Tests
Static test results are summarized in table 4. The static specimens were identified by an
alphanumeric character consisting of the configuration number followed by the letter "S"




Configuration 6 t-- Number indicating that
number this was the second of
two identical specimens
Results are summarized in terms of ultimate load and the maximum gross area tensile
stress in the adherend (assuming no contribution for bending). With one exception, all static
test specimens failed cohesively. After partial cohesive debonding, specimen 9-S2 failed in
the boron-epoxy splice plate.
Fatigue Tests
The following pages contain individual test specimen logs for all 106 fatigue specimens.
All of these specimens were tested with the configuration shown in figure 1, and all except
five resulted in cohesive debond failure. These five specimens exhibited partial cohesive
debonding but eventually resulted in adherend or splice plate failure.
The fatigue specimens were identified by an alphanumeric character as shown below:
Configuration Maximum applied stress in the
number adherend (ksi)
1-50A
Letter A, B, etc., to designate
replicate specimens
The number of days between cure and test is shown on the log sheet for each
specimen. Adherepd, splice plate, and adhesive thickness readings represent averages for
each configuration. The debond length readings represent an average of the readings taken




TABLE 4.-STA TIC TEST RESULTS
Ultimate stress
Specimen Ultimate load in adherend
Configuration identification
number N lb MN/m 2 psi
1 1-S1i 62 942 14 150 518.94 75 266
1-S2* 62 275 14 000 511.54 74 192
Avg 62 609 14 075 515.24 74 729
2 2-S1* 67 390 15 150 530.77 76 982
2-S2 67 390 15150 533.48 77 375
Avg 67 390 15 150 532.12 77 178
3 3-S 1* 67 835 15 250 534.54 77 529
3-S2* 68 725 15 450 544.04 78 907
Avg 68 280 15 350 539.29 78 218
4 4-S1 64 766 14 560 525.31 76 190
4-S2 65 656 14 760 538 44 78 095
Avg 65 211 14 660 531.88 77 142
5 5-S1 78 955 17 750 533.72 77 410
5-S2* 78 733 17 700 536.19 77 768
Avg 78 845 17 725 534.95 77 589
6 6-S1# 124 772 28 050 517.24 75 020
6-S2* 123 882 27 850 509.47 73 892
Avg 124 328 27 950 513.36 74 456
7 7-S1 55 158 12 400 453.31 65 747
7-S2 55 425 12 460 450.72 65 372
Avg 55 291 12 430 452.02 65 560
8 8-S1 40 968 9 210 694.76 100 766
8-S2 39 500 8 880 665.50 96 522
Avg 40 234 9 045 680.13 98 644
9 9-S1 34 518 7 760 583.46 84 624
9-S2 38 388 8 630 642.56 93 196
Avg 36 453 8 195 613.01 88 910
*Specimens tested with 610 mm (24 in.) long full-dogbone configuration.
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29.0 9 .23 3 .1
30.0 100.08 3.94



























































> Specimen configuration changed after 9500 cycles










































































































































AS A FUNCTION OF CYCLES FiC
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CEBONC LENGTH AS A FUNCTION OF CYCLES FCOR
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DEBONI LENGTH AS A FUNCTICN CF CYCLES FO0
SPECIMEN 2-41A TESTEC
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SPEC IMEN 3-41A TESTEC
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SPECIMEN 3-41C TE STEI
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SfEC I'EN 3-37C TE STEC
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SPECIMEN 4-3 B TESTE[
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SPECIHEN 5-36A TESTEI
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CEBOND LENGTH AS A FUNCTION OF CYCLES FOR
SPECIMEN 6-41A TE STEC
SPLICE PLATE T ADHESIVE
m4 (IN)
6.55 (.258) AF-t26
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SYEC I N 7-27A TESTEI































































































DEBONC LENGTH AS A FUMCtICi CF CYCLES FOR
























68.0 127.0 5 .00






































































































































AS A FUNCTICO OF CYCLES FCO











































































































































AS A FUNCTION CF CYCLES FOR





































































































































































AS A FUtCTICN CF CYCLES FOR




















































































DEBONC LENGTH AS A FUNCTICON CF CYCLES FOR



















































































AS A FUNCTION COF CYCLES FOR
























































































CEBOIC LENGTH AS A FUNCTION OF CYCLES FOR







































































CEBONC LENGTH AS A FUHCTION OF CYCLES FOR













































































DEBOND LENGTH AS A FUNCTION OF CYCLES FOR
























































































































CEBOND LENGTH AS A FUNCTION OF CYCLES FOR





























































































































CEBONC LENGTH AS A FUNCTION OF CYCLES FOR













































































































































CEBOCNC LENGTH AS A FUNCTION OF CYCLES FCOR











































CEBONC LENGTH AS A FUNCTION OF CYCLES FOR




















































CEBC*4C LENGTH AS A FUNCTION CF CYCLES FOR

































































CEBOND LENGTH AS A FUNCTION CF CYCLES FOR































































OEBCNC LENGTH AS A FUNCTION CF CYCLES FOR




















































































































































CEBCON LENGTH AS A FUNCTION OC CYCLES FOR

















































CEBCOND LENGTH AS A FUNCTICN OF CYCLES FOR






























































CEBOND LENGTH AS A FUNCTION OF CYCLES FOR
























































































DEBOND LENGTH AS A FUNCTION CO CYCLES FOR










































































DEBOND LENGTH AS A FUNCTICON OF CYCLES FOR




























































1. Hoffman, D. J. and June, R. R.: Cyclic Debonding of Adhesive Joints: Summary
Report. D6-60136-5, Boeing Commercial Airplane Company, 1973. (Available As
NASA CR-2207, 1973.)
2. Comm. on Metric Pract.: ASTM Metric Practice Guide, NGS Handbook 102, U.S.
Department of Commerce, March 10, 1967.
117
